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The International Space Community:
Data Systems Standardization Thrusts
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SPACE APPLICATIONS

“Protocols” -
the standard rules by which a sender and a receiver conduct a dialog

Space Application Services }
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Current Space/Ground
Communications Protocol Stack:
"Application over Link"
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Space Wireless Frequency and Modulation

Current Space/Ground Communications Protocol Architecture
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The Next Few Years

In the next few years (2002-2005) we will evolve and migrate to
add:

A new flavor of CCSDS space link protocol for communicating at
short range, e.g., between spacecraft in a constellation or between
Mars orbiters and surface assets

+ CCSDS "Proximity 1" protocol

A more networked set of upper layer standards:
CCSD3 File Delivery Protocol (CFDP) for disconnected
environments
Lorg delays, episodic connectivity
—~ Custodial store-and-forward mode
Most missions will use this for routine space/ground data hauling
uile for richly connected in-situ environments
ys, stable connectivity
Instantaneous end-end dialog
— Onboard a spacecraft; near-Earth; on and around another planet

3. Standardized onboard networking




2005 Space/Ground Communications Protocol Stack
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CFDP - CCSDS File Delivery Protocol

< The CCSDS File Delivery Protocol is an internationally standardized
mechanism to deliver files of space mission data end-to-end through a
space network via a series of store-and-forward hops, using custody
transfer techniques

The current CFDP ("Build 1") provides non-routed, non-custodial
delivery through a single hop.

User

the user application appheation

file handling mechanisms CFDP File operations

+
CFDP point-to-point r

POU ek st

point-to-point reliability
mechanisms

underlying space link unit - ‘
) —_— .
data transfer services CCSDS Space Link Ul o

CFDP Operations Scenarios

Currently in
deployment (Deep . .
1. point-to-point, Impact) - point-to-point,

unacknowledged acknowledged . . .
3. multi-hop, in series

‘/Build 3 CFDP

4. multi-hop, in parallel
- without cross-links




Mid-decade Mars Protocol Scenario
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The IPN is a
“network of
internets”

Our missions are increasingly moving
from point-to-point to networked
architectures

Internal to each spacecraft

On and around other planets

Just like the terrestrial Internet,
standardized space networking allows
us to build low-cost. reusable
infrastructure that can be shared by
many diverse users

a disconnected, long-
delay environment =
“Delay Tolerant
Networking”




— “Delay Tolerant Networking”-

Sensor Webs ]
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: Propagation
Intermittent connectivity
Lack of resources (power, buffers)
Simplex or asymmetric channels
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The Internet: a Network of low delay, connected Sub-Networks

Il B3

Subnet 1 Subnet 2 Subnet 3

Bundles: A Store and Forward Application Overlay

internet b

A “network of internets” spanning dissimilar environments




Bundle Service Layering

e2e Applications
(e.g.. Bundle FTP, CFDP, Bundle NTP)

Bundle Segmentation & Reassembly

“Bundling”
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Progressive. planned deployment of reusable communications infrastructure
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